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Abstract. Samples from surface and subjacent horizons of main soil types from chernozem to 
podzol were selected. Both soil colloids and released cations may be retained or deplaced to the depth. 
The differences of the averages and medians and the histograms of the two horizon properties show 
the translocation of clay and free sesquioxides and the retention or migration of some nutrient cations.  
The deplacement to the depth were charactherized by migration level difference of 
concentration in the two horizons A2-A1, by the migration index namely the concentration ratio A2/A1 
and by migration gradient, the angular coefficient m of linear relation between the content of the same 
component in the two horizons. 
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INTRODUCTION 
 
During the soil evolution the parent materials enrich its profile surface with organic 
matter due to the plant and microorganism decay (Chiriţă, 1974). This humification process is 
accompagned by the descomposition of dead vegetals by mineralisation and release many 
nutrient cations. 
This work is an atempt to emphasize by statistical methods the accumulation of 
organic matter in soils and its part in the repartition of some nutrient cations in surface 
horizons of soil profiles. 
 
MATERIALS AND METHODS 
 
Samples of surface horizons A1 (Ap, Am, Ao, Aou, OA) and the same number of the 
subjacent horizons A2 (Am, Ame, El, Ea, AB, Es) of main soil types of many regions of 
Romania were selected (chernozems, luvisols, vertisols, arenosols, dystricambisols, 
eutricambisols and podzols). Do not selected aluviale soils to avoid the accentuated influence 
of present stratification. 
Due the to vast aspect of organic matter concerning the composition, the 
polimerisation degree, the nature of chemical active function, the concentration e.s.o in this 
paper were  investigated only the cantitative line of research of humus and these relations 
with some cations. 
In order to investigate the accumulation of organic matter in soils  were determined 
the clay content, the pH with glass electrod, the organic matter concentration (T. Gogoaşă, 
1959), the exchange capacity and the exchangeable cations, the total analyse by acid fusion 
and the cation determination by atomic absorbtion (Ruxandra Bogaci, Elena Bugeac, 1986) 
and Köppen aridity index. A great part of analytical results are utilised from “Excursion 
Guide of Romanian Soil Science Society Conferences” between 1973 and 2006.     
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RESULTS AND DISCUSSION 
 
The colloid translocation produces a displacement to the depth of elements from the 
clay mineral lattice and from free sesquioxides, from adsorbed cations on the mineral colloids 
and from chelated cations on organic matter. In the same time are deplaced to the depth the 
cations from soil solution after their solubility, their retention of mineral surfaces and the 
organic matter stability. 
Some statistical data of investigated samples are presented in the table 1. The large 
property ranges and the great values of variation coefficients (Tab. 1) permit to consider the 
two sample groups as statistical representative for surface and subjacent horizons of soils 
from our country. The differences between the mean and median values are generally great 
enough and suggest multiple distribution and/or large ranges of assimetry. 
Tab. 1 
Statistical date of investigated samples of A1 surface horizons 
 
Propriety No. Mean Coeff. var.  Minim Maxim Median 
Total Fe (ppm) 169 2.25 46.09 0.86 6.5 2.2 
Total Ni (ppm) 180 32.23 152.58 8 116 30.95 
Total Zn (ppm) 180 78.11 179.32 10 13331 59.15 
Total Cu (ppm) 180 21.92 616 3.6 336 17.7 
Total Co (ppm) 180 16.22 181 0.1 49.8 13.95 
Total Mn (ppm) 180 573 369 5.77 3728 524 
Total Pb (ppm) 180 41.1 248 4.9 1024 20.05 
Total Cr (ppm) 169 41.52 242 1.5 86.3 41.7 
Total Cd (ppm) 169 1.91 541 0.1 2.25 0.82 
*Exchangeable cations in me/100 g soil                   
 
Although their distribution are uninominal right assymetrical (Fig. 1) with the maxima 
at 4.46% and 2.1% respectively. The maxim of A2 subjacent horizons is smaller and outside 
of the distribution curve of surface A1 horizons. The assymetry range of both distribution is 
very large between15.12% and 47.12% for A1 and 7.55% and 23.85% for A2 and justify the 
differences between averages and medians.           
 
 
 
Fig. 1. Distribution of organic matter content in A1 and A2 horizons  
 
Similar unimodal right assymetrical distributions of lead with the A2 maxim 29.1 ppm 
smaller as the A1 maxim 83.3 ppm and placed outside of distribution curve of surface 
horizons A1 have large intervals of assymetry at 162 - 1024 ppm at A1 and 75.1 - 305 ppm at 
 123 
A2. That shows a Pb accumulation into surface horizon retained by organic matter and only 
very low migration to the depth probably as bicarbonate or chelated by organic matter. 
Total Zn and Cu distributions with their maximum of A1 greater as A2 maximum have 
the curves of  A2 under the A1 curves. For exemple at total Zn (Fig. 2) the A2 maximum of 
89.9 ppm is covered under distribution curve of A1 from 111.8 ppm. The assymetrical 
intervals are wide enough between 315.3 ppm and 1333 ppm. The total Cu distribution has 
the same form with the maxima at 29.2 ppm and 17.8 ppm and a assymetrical range 80.3 ppm 
and 336 ppm for A1 and A2 respectively. That shows the accentuated chelation of the two 
cations by soil organic matter.  
 
 
 
Fig. 2. Total Zn content distribution of A1 and A2 horizons from researched soils 
 
The total Fe, Mn and Ni are also unimodal and right assymetrical but the A2 
distribution curve is entirely covered by the A1 distribution curve and show an accentuated 
migration of these two cations to the depth. In addition total Ni with maxima at 32.9 ppm and 
33 ppm of A1 and A2 samples has an inflexion at 57.8 ppm at surface samples which are  
under A2 distribution curve (Fig. 3). That shows the high mobility of these cations as 
aluminium and iron free sesquioxides and as ions from clay mineral lattice. The great 
assymetrical ranges between 74.5 ppm and 116 ppm and 81.8 ppm and 168 ppm for A1 and 
A2 justify the differences between the averages and medians of two investigated sample 
groups. 
The exchange capacity, the sum of exchangeable calcium and magnesium and the 
exchangeable potassium have bimodal distribution. Thus the sum of bivalent exchangeable 
cations (Fig. 4)  have maxima at 11 and 37.4 me/100 g soil and 7.23 and 28.3 me/100 g soil at 
the distribution of surface horizons A1 and subjacent horizons A2 respectivelly which is 
entirely covered under the curve of A2 samples. That shows a high mobility of these cations 
and increase of acidity of surface horizons. 
 124 
 
Fig. 3. Distribution of total Ni content in A1 and A2 horizons from researched soils 
 
The asymmetrical ranges with great values of exchange capacity shows the 
contribution of organic matter in both horizons A1 (42.7 - 76.5 me/199 g soil) and A2 (42.4 - 
65.2 me/100 g soil) especially at mountain soils. 
 
 
 
Fig. 4. Exchangeable Ca+Mg cations in A1 and A2 horizons from researched soils 
 
The clay content, pH and total cadmium have unlike trimodal distribution as represent 
different soil properties. For exemple the clay distribution has maxima at 21% and 39.8% and 
a inflexion at 53.4% at A1 horizons and at 23%, 30.7% and 4.19% at A2. In exchange the 
asymmetry ranges are low relatively with values over 64% clay fraction (Fig. 5). The two 
distribution curves have not systematical differences which indicate the clay migration fom 
the surface horizons A1 to the subjacent horizons because the clay translocation continue at 
some soil types to B horizon from El, Ea and Es horizons and decrease the clay content in the 
subjacent A2 horizon. 
The total chromium with a sensibility for redox-potential and pH (D. Adriano, 1986) 
has a trimodal distribution of A1 samples (Fig. 6) with maxima at 34.1 ppm, 47.2 ppm and 
60.2 ppm and a bimodal distribution of subjacent horizon A2 (30.4 ppm and 62.4 ppm). The 
low asymmetrical range do not appear in the graph (Fig. 6). 
The investigation of some properties and of cation distributions of selected soils shows 
more clearly than the mean values the surface accumulation or their migration to the depth. 
Thus the organic matter, total lead and cadmium are accumulated in the two horizons and 
total zinc and copper appear to be retained by chelation on organic matter. 
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Fig. 5. Distribution of clay content of A1 and A2 horizons from researched soils 
 
Iron, nickel, manganesse and less cobalt appear to be translocated as free sesquioxides 
but the exchangeable cations are leched more accentuated to the depth.    
 
 
 
Fig. 6. Distribution of total Cr content in analyzed horizons  
 
The properties and concentration cations from A1 surface horizons correlate very high 
with these of A2 subjacent horizons. The organic matter (Rpoly=0.849***), clay content (R 
poly=0.908***), pH (0.911***), the total Co (Rpoly=0.813***) and total Zn 
(Rpoly=0.510***) correlare the best according to a parabola. While the total Ni 
(Rpow=0.890***), total Mn (Rpow=0.848***), total Fe (Rpow=0.0.778***), total Cd 
(0.617***) and total Cr (Rpow=0.827***) correlate the best accordind to a power equation 
the total Cu (Rlog=0.827***) and total Pb (Rlog=0.588***) correlate according to a 
logaritmic equation. The total Mn contents of two horizons correlate high one to another after 
a power ecuation (n=180, Rpow=0.846***, Rlin=0.689***, F=161) which is different from 
the straight line (Fig. 7). In exchange the representative points of total cadmium and 
chromium high correlate according to a power equation but they are large scattered in the 
graph.  
The total copper and lead correlate the best according to a logarithmic equation. At 
total copper (Fig. 8) the logarithmic and linear curves are distanced one from another after 
their intersection (n=180, Rlog=0.827***, Rlin=0.636***, F=120.6).       
These correlation very high between the components and  the cations of the two 
investigated horizons are generally strong bound due to the inheritage of parent materials and 
of some pedogenetical modification determinated by the same physico-chemical and 
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biological processes specific to temperate climate. Thus a test shows that the accumulation of 
organic matter is dependent from the aridity index according Köpen at the two horizons A1 
(n=82, Rpoly=0.519***, Rlin=0.437***, F=18.86) and A2 (n=92, Rpoly=0.421***, 
Rlin=0.421***, F=17.26). 
 
 
 
Fig. 7. Total Mn content in A2 horizon as a function of total Mn content in A1 horizon 
 
But the accumulation of organic matter is dependent not only of climate conditions but 
also of the parent material properties as texture, acidity, chemical composition. Each profile 
has the chemical composition and characteristic concentrations of the two horizons. In order 
to research the accumulation and migration its components is necessary to investigate the 
humification and mineralisation of dead plants accompagned by mineral alteration. 
 
 
 
Fig. 8. Relationship between total Cu content in A2 and in A1 horizons 
 
The material organic accumulation (humification) is dependent a little relatively by 
the clay content in both horizons A1 (n=180, Rpoly=0.427***, Rlin=0.298***, F=17.37) and 
A2 (n=180, Rpoly=0.357***, F=9.99) and the majority of the points are placed on a band 
along to abscise axe (Fig. 9). The representative points of the two horizons are mixed one to 
another and confirm an accumulation of organic matter which vary in large range from 
chernozem to podzol namely from Ap-Am to OA-Es in surface horizons. The statistical 
curves are parabola with a minim at (41.6%, 2.39%) in A1 and (41.3%, 1.83%) in A2 and are 
placed one under another with greater distances to their extremities. At the clay contents 
smaller than 16% at podzols and some dystricambisols the accumulated humus is over 15%.                
The graph organic matter - pH (Fig. 10) is similar to the graph organic matter - clay 
with mixed points corresponding to A1 and A2 and placed majoritary on a band along to 
abscise axis. The statistical curves are parabola with minim at (6.86; 1.91%) and (7.02; 
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1.63%) for the two horizons but have a greater semnification than relation with the clay 
content of A1 (n=180, Rpoly=0.608***, Rlin=0.413***, F=36.7) and A2 (n=180, 
Rpoly=0467***, F=22.6). 
 
 
 
Fig. 9. Organic matter content versus clay content in A2 and in A1 horizons from researched soils 
 
The relation organic matter - microelements have correlation coefficients which 
decrease in the surface horizons A1 in the succesion Ni (Rpoly=0.521***), Cu 
(Rpow=0.512***), Zn (Rpow=0.456***), Cr (Rpoly=0.401***, Pb (Rpow=0.181*), Co 
(Rpoly=0.168*), Cd (Rpoly=0.169*) and Mn (Rlog=0.081). In the A2 subjacent horizons the 
order is Ni (Rpow=0.588***), Zn (Rpoly=0.448***), Cu (Rpoly=0.401***), Pb 
(Rpoly=0.311***), Co (Rexp=0.298***), Mn (Rpow=0.245***), Cr (Rpoly=0.078) and Cd 
(Rpoly=0.057). All investigated microelements correlate with the organic matter with 
exceptions of manganesse in A1 and chromium and cadmium from A2. 
 
 
 
Fig. 10. Organic matter content as a function of soil pH in A2 and in A1 horizons 
 
The differences of component values from A2 and A1 horizons when are positive show 
a colloid translation, the pH values or/and a leaching of some cations to the depth (clay 
minerals, free sesquoxides, exchangeable cations, microelements) and they are negative when 
appear a accumulation of organic matter and of nutrient cations proceeding from the 
mineralisation of dead plants and micoorganisms and chelated by the active chemical function 
of organic matter (zinc, copper, lead, cobalt) or fixed in the clay mineral lattice (potassium, 
amonium). The exchange capacity decrease also with the depth due to diminishing of organic 
matter quantities but the total iron content increase due to translocation of free sesquioxides. 
The differences do not permit a easy comparison because their different values. When are 
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calculated per cent values reported on the A1 only organic matter (42.6%), total Cd (56%), Pb 
(45.8%), Zn (13.86%) and Mn (10.67%) overtake 10%. That confirm the high lead content in 
the pears (Adriano, 1986). Bacteria (0.282) and fungi (0.574) numbers are great negative 
values and shows that the aerobian medium decrease with the depth.  
Tab. 2 
Migration parameters of selected samples 
 
Properties No. A2 A1 A2 - A1 A2/A1 m 
Humus (%) 180 3.26 5.68 -2.42 0.57 0.48 
Clay (%) 180 30.27 27.58 2.69 1.098 1.003 
pH 180 6.17 6.03 0.14 1.023 0.919 
Total Fe (%) 165 2.41 2.25 0.16 1.071 1.099 
Total Ni (ppm) 180 32.88 32.68 0.2 1.006 0.92 
Total Zn (ppm) 180 67.51 78.11 -10.8 0.864 0.127 
TotalCu (ppm) 180 19.4 21.92 -2.52 0.885 0.269 
Total Pb (ppm) 180 27.26 41.1 -18.84 0.663 0.118 
Total Co (ppm) 180 16.22 16.5 -0.28 0.983 0.8097 
Total Mn (ppm) 180 497 572 -93 1.194 0.4242 
Total Cd (ppm) 169 0.84 1.91 -1.07 0.44 0.6422 
Total Cr (ppm) 169 35.36 41.52 -6.16 1.1419 0.4678 
Bulk density* 82 1.27 1.14 0.13 1.1148 0.866 
V (%)** 82 68.86 68.22 0.64 1.009 0.979 
C.E.C.** 82 20.95 24.72 -3.77 0.847 0.5159 
Exch. Ca+Mg** 82 15.86 11.66 4.2 1.36 1.0441 
Exchange K** 82 0.34 0.42 -0.08 0.81 0.6517 
Bacteria no. 62 2599 9211 -6612 0.282 0.0334 
Fungi no. 62 10.45 18.19 -7.74 0.574 0.2337 
*in g/cm3; **in me/100 g soil; bacteria and fungi number in milion/100 g soil 
 
CONCLUSIONS 
 
The histograms unimodal or multimodal show a migration  increase from organic 
matter to the clay and sesquioxides and from heavy metals to exchangeable cations. 
The accumulation of the organic matter is influenced by clay content, pH, percent 
saturation and bulk density and correlate with heavy metals and exchangeable cations. 
The component concentrations of A2 high correlated with these of A1 and show a 
strong inheritance from parental materials. 
The component deplacement to the depth may by expressed by difference between the 
concentration of two horizons A2-A1 (migration level), the migration index the content ratio 
from A2/A1 and migration gradient the angular coeficient of linear relations between the 
concentrations in A2 and A1 horizons. 
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